This study reports the isolation and characterization of three new tetrapeptides, apicidins G (1), H (2) and I (3), along with the known apicidin (4), apicidin A (5), apicidin C (6), diketopiperazine 7, equisetin (8) and 7-hydroxy-2-(2-hydroxypropyl)-5-methylchromone (9). The structures of the new compounds were deduced by 2D NMR spectroscopic and MS data.
F. semitectum was isolated from a dead cicada skin collected from the Tawangmangu Botanic Garden in Central Java, Indonesia. The fungus was cultured in rice media, extracted with MeOH, then with EtOAc, to obtain a dark purple extract. This was chromatographed on silica gel and RP-HPLC to yield three new apicidins (1-3), together with the known (-)-apicidin (4), apicidins A (5) and C (6), (-)-cyclo-(D-pipecolinyl-L-isoleucine) (7) [15] , (-)-equisetin (8) [6], and (+)-7-hydroxy-2-(2-hydroxypropyl)-5-methylchromone (9) [16] .
Apicidin G (1) was isolated together with apicidin C (6) as a 1:1 mixture using RP-HPLC (MeOH/H 2 O). The HRESIMS data of the fraction containing 1 suggested a nitrogenous compound from an adduct ion at m/z 577. 3360 234 Natural Product Communications Vol. 9 (2) 2014 Tetrapeptides from Fusarium semitectum Natural Product Communications Vol. 9 (2) 2014 235 α-proton of Phe was coupled to the adjacent NH proton with a J value of 6.8 Hz, and indicated a syn-relationship. In contrast, the 10.4 and 10.0 Hz coupling between the α-protons of the Aoda and Ile residues and the corresponding NH protons suggested an antirelationship, as reported for apicidin (4) . In the pipecolic acid unit the 6.0 Hz coupling of the α-proton matched the 5.5 Hz coupling for the corresponding signal in apicidin [6a] . In view of the co-isolation of (-)-apicidin (4), the absolute configurations of the shared amino acid constituents were inferred to be (R)-Pip, (S)-Ile, and (S)-Aoda. An (S)-Phe residue was inferred from the J NH/H-2 value [6a,6b], and by analogy with trapoxin-A [7] . Specific rotation measurements and verification of the amino acid configurations were not undertaken owing to the inseparable mixture of 1 and 6.
Suciati & Garson
Apicidin H (2) was obtained as a colorless oil by RP-HPLC using MeOH/H 2 O. The HRESIMS data of 2 indicated a molecular formula of C 34 H 49 N 5 O 7 from a sodiated adduct ion at m/z 662.3545, and established the presence of one additional oxygen in 2 with respect to apicidin (4 9.9) linked to a signal at δ C 65.6 by HSQC was assigned as the α-proton of the remaining amino acid unit, and showed 2D-TOCSY correlations to a methylene group at δ H 2.57 and 2.41, and to an NH proton (δ H 7.12). A methine signal at δ H 5.99 (H-11) was linked to a signal at δ C 97.0 by HSQC. These chemical shifts, together with HMBC correlations from this methine proton to a methylene carbon (δ C 42.5, C-3) and to a quaternary carbon (δ C 84.2, C-4), were all consistent with an epoxy-derivatized Trp-N-OMe moiety. An amide signal at δ C 171.3 was assigned to the epoxy-Trp-N-OMe moiety by 3 J CH correlations from the  protons; HMBC correlations were seen from the NH proton (δ H 6.19) of the Aoda residue to signals at δ C 173.1 and 170.3, therefore the remaining amide signal at δ C 171.2 could be assigned to Ile. This assignment is valid providing the sequence of amino acid constituents is unchanged from those in other apicidins. The signals at δ C 173.1 and 170.3 were provisionally assigned to Aoda and Pip, respectively, with the δ H 6.19/ δ C 170. (Table 1) closely resembled those of 4, revealing the presence of four α-protons (δ H 4.71, 4.37, 4.18, and 4.12), five aromatic signals (δ H 7.67, 7.34, 7.31, 7.19 and 7.08), two methyl triplets (δ H 1.03, 0.86) and one methyl doublet (δ H 0.83). The NMR spectra of 3 also indicated the presence of two amide protons (2 x NH, δ H 8.29, 7.14), one amino group (NH 2 , δ H 8.35) and one additional methoxy group (δ H 3.56, δ C 52.2). Assignments of the amino acid residues were undertaken by HMBC, DQFCOSY, and 2D-TOCSY experiments, and by comparison with the data reported for apicidins [6a-6c] . TOCSY data revealed correlations from the NH 2 protons to the α-proton (δ H 4.18) and to the five methylene groups of the Aoda residue. The methoxy group at δ H 3.56 showed a HMBC correlation to the carbonyl group (δ C 172.8) of the Pip unit. This information, together with the MS data, suggested a linear tetrapeptide as opposed to the cyclic tetrapeptide core of apicidin and its congeners. HMBC correlations were observed from the three α-protons at δ H 4.37 (Ile), 4.71 (Trp-N-OMe) and 4.18 (Aoda) to the carbonyl groups at δ C 172.7, 172.2 and 172.4, respectively. No inter-amino acid correlations were apparent in the HMBC spectrum, but the presence of Pip-OMe and Aoda-NH 2 implies that apicidin I is an artefact from methanolysis of apicidin at the Pip residue. The same absolute configuration is therefore proposed. Apicidin I gave the same negative sign of specific rotation [α] D -17.3 (c 0.16, MeOH) as previous apicidins.
Apicidin was screened against a panel of bacterial (Gram-positive and -negative) and fungal strains, but was without activity. There was insufficient quantity of the new apicidins for biological screening. In conclusion, three new tetrapeptides, apicidins G (1), H (2) and I (3) were isolated together with six known compounds from Fusarium semitectum. The results from our study have shown modification at the Trp-N-OMe unit with an epoxy group in apicidin H. The absolute configurations of the apicidin metabolites were proposed by comparison of J values, specific rotation values, and from the biosynthetic similarities between the various metabolites. Tetrapeptides such as apicidin and its congeners may be chemotaxonomic markers for this fungal species.
Experimental
General: NMR data of 1-3 were measured on a Bruker Avance 500 MHz spectrometer (5 mm inverse probe, gradient selection) in CDCl 3 at 298K. For HSQC and HMBC spectra, data were acquired using a 1 J C-H of 135 Hz, while HMBC spectra were acquired using n J C-H of 8 Hz. TOCSY data (mixing time 60 msec) were determined in phase sensitive mode. Positive ion electrospray mass spectra were determined using either a Bruker Esquire HCT instrument (LRESIMS) or a MicroTof Q instrument (HRESIMS) with MeOH as solvent. Reverse phase HPLC was carried out on an Agilent 1100 series instrument fitted with either a Phenomenex Gemini C 18 (250 x 10 mm i.d., 5 ) column or a C 18 analytical column with UV detection at 254 nm. Silica gel 60 G and silica TLC plates F 254 were purchased from Merck. All solvents were either distilled or were of HPLC grade.
Fungal material:
A white fungus isolated from a dead cicada skin was collected at the Tawangmangu Botanic Garden, Indonesia, and identified as Fusarium semitectum based on morphological comparison with F. semitectum [2, 4] . A voucher specimen (SC-131208-1, AQIS IP09011654) is held in the School of Biology, UQ.
Culture conditions:
The fungus was grown on Petri dishes containing PDA media at room temperature for 7 days. Rice media for fermentation was prepared by soaking 50 g of long grain rice in 50 mL of distilled water in 250 mL Erlenmeyer flasks. After 6 h, the rice media was autoclaved for 15 min. Thirty Erlenmeyer flasks containing rice media were inoculated with a small plug of agar containing the mycelia of F. semitectum, and the cultures were kept in the dark at room temperature for 21 days.
Extraction and isolation of metabolites:
Mycelia and media were homogenized by stirring, then extracted with MeOH (3 x 700 mL) using ultrasonic vibration for 30 min. The extract was filtered, then concentrated in vacuo to an aqueous residue, which was partitioned
